Introduction
The genus Gentiana was named by Tournefort in 1700 [1] . Systematic phytochemical investigations on this genus began in the 1960s. Since then the structural and biological diversity of the secondary metabolites from this genus have stimulated natural product chemists to carry out comprehensive chemical studies on Gentiana.
Gentiana species have been used as traditional Chinese medicines for some time. For example, the famous traditional medicine Qinjiao consists of G. marophylla, G. straminea, G. crassicaulis and G. dahurica, and has been used to treat rheumatism, swelling, spasms, improve blood and eliminate toxins for thousands of years. Since the 1960s, almost 200 secondary metabolites have been isolated from the genus Gentiana, most being iridoids, secoiridoids, flavonoids or triterpenoids, some of them with promising bioactivities.
Searching for bioactive compounds from Nature has always been our interest. In 2007, we investigated G. aristata collected from Zhang County [2] of Gansu Province of China from a phytochemical and pharmacological perspective. The promising results stimulated our interest in Gentiana species as a source of bioactive substances. While there are some reviews on this genus [3] [4] [5] , they are neither comprehensive nor in depth. This paper reviews the chemical composition of Gentiana species through early 2009 and evaluates the biological and pharmacological activities of the isolated components.
Chemical constituents 2.1 Iridoids and secoiridoids:
As the main chemical constituents, iridoids and secoiridoids are widely distributed within the Gentiana genus. Up to now, iridoids and secoiridoids have been isolated from Gentiana species, most of them being obtained as O-glycosides. The names and plant sources of these compounds are shown in the Table 1 . Secoiridoid glycosides gentiopicroside (41) , swertiamarin (42) and sweroside (43) are the representatives of this class of compounds. They are distributed widely within Gentiana species, such as 41 in G. lutea, G. rigescens, G. spathacea, G. asclepiadea, G. siphonantha, G. linearis, G. macrophylla, G. algida, G. septemfida and G. purpurea, 42 in G. lutea, G. farreri, G. sino-ornata and G. septemfida, and 43 in G. lutea, G. dinarica, G. siphonantha, G. rhodantha, G. macrophylla, G. farreri, G. sino-ornata, G. formosuna and G. septemfida. So, chemotaxonomically, these three compounds could be considered as the markers of this genus.
Among the iridoids and secoiridoids obtained from this genus, oxygenation always occurs at positions C-1, C-7 and C-11. The former two positions are easily oxygenated by OH. However, C-11 is always substituted by a carboxyl group. The OH at C-7 is esterified by aromatic groups in most structures, but glycosides are always formed at OH-1. Some of the secoiridoids feature a lactone ring formed between OH-7 and COOH-11. Additionally, a majority of secoiridoids have a double bond between C-8 and C-10. Austria [7] Italy G. lutea [27] Turkey G. septemfida [9] Turkey G. asclepiadea [13] France G. linearis [15] Switzerland G. algida [21] China G. macrophylla [22] Switzerland G. rigescens [28] China G. spathacea [29] Mexico G. siphonantha [30] China 41 Gentiopicroside G. purpurea [31] Denmark [6] Austria G. lutea [27] Turkey G. septemfida [9] Turkey G. farreri [32] Switzerland
Swertiamarin
G. sino-ornata [33] France [6] Austria [7] Italy
43
Sweroside G. lutea [27] Turkey G. septemfida [9] Turkey G. macrophylla [22] Switzerland G. siphonantha [30] China G. farreri [32] Switzerland G. sino-ornata [33] France G. dinarica [34] Yugoslavia G. rhodantha [35] Switzerland G. formosuna [36] China 44
Amarogentin G. dinarica [34] Yugoslavia 45 8-Hydroxy-10-hydrosweroside G. tibetica [37] China G. tibetica [10] China 46
Macrophylloside A G. straminea [37] China 47
Isomacrophylloside G. tibetica [37] China G. siphonantha [30] China 48
Gentiolactone G. purpurea [31] Denmark [21] China G. siphonantha [30] China G. algida [21] China G. macrophylla [ [27] . Doses of 250 and 500 mg/kg (i.p.) caused a significant increase in the swimming endurance test and exhibited slight analgesic activities, but no lethality, in mice. However, there was no indication of sedation or muscular fatigue at the doses employed. HPLC analysis showed that three secoiridoid compounds, gentiopicroside (41) , swertiamarin (42) and sweroside (43) were present and may have been responsible for the CNS effects.
Smooth Muscle Relaxing Activity:
In 2000, Rojas et al [29] reported that gentiopicroside (41) inhibited, in a concentration-dependent manner, the spontaneous contractions of isolated guinea pig ileum. Contractions induced by histamine, acetycholine, BaCl 2 and KCl on the ileum were also significantly blocked by this monoterpene glucoside. This study suggested that gentiopicroside might be a smooth muscle relaxing agent valuable for the development of drugs for gastrointestional and/or cardiovascular diseases.
Flavonoid-induced Activities

Antidepressant Activity:
Monoamine oxidase (MAO) catalyzes the oxidative deamination of a variety of monoamines such as dopamine, norepinephrine and serotonin. MAO is a FAD-containing enzyme located in the outer membrane of mitochondria. Two different forms, MAO-A and MAO-B, have been identified based on their substrate selectivity, inhibitor sensitivity, and amino acid sequence. Both MAO-A and -B seem to be present in most areas of the brain. They have attracted considerable interest due to their key roles in monoamine neurotransmitter metabolism and their involvement in many neuropsychiatric disorders. Inhibition of MAO and subsequent H 2 O 2 generation effectively prevents depression and various oxidative stresses in the brain, i.e. MAO inhibitors could show antidepressant activity [62] .
In 2005, Tomic et al [45] carried out an in vitro analysis of gentiacaulein (75) and an Et 2 O extract of the aerial parts of G. kochiana to evaluate their interactions with rat hepatic mitochondrial monoamine oxidase (MAO). The results confirmed the inhibitory potency of the extract and 75 on MAO-A (IC 50 =0.22 μg/mL and 0.49 μM, respectively). This study suggests some antidepressant therapeutic potential of G. kochiana and gentiacaulein. However, the mechanism needs further study. Compounds 115 and 116 also competitively inhibited MAO-B more effectively than MAO-A. This result suggests 115 and 116 could be useful as potential neuroprotectants in the treatment or prevention of depression [62] .
Antiglioma Activity:
The antiglioma activity of extracts of G. kochiana has been reported in 2008 by Isakovic et al [44] who identified gentiakochianin (74) and gentiacaulein (75) as the main active components. Both induced cell cycle arrest in G 2 /M and G 0 /G 1 phases, respectively, in both C6 rat glioma and U251 human glioma cell lines. The ability of gentiakochianin to induce microtubule stabilization in a cell-free assay was associated with its efficient antiproliferative action. Both xanthones reduced mitochondrial membrane potential and increased the production of reactive oxygen species in glioma cells, but only the effects of gentiakochianin were pronounced enough to cause caspase activation and subsequent apoptotic cell death. A structure-activity correlation revealed that hydroxylation at positions 7 and 8 of the xanthone nucleus was the key structural feature responsible for the ability of gentiakochianin to induce microtubuleassociated G2/M cell block and apoptotic cell death in glioma cells.
Immunostimulant Activity:
Gentiabavaroside (79) showed promising immunostimulant activity as determined by formation of cytolytic T-killer cells in mixed lymphocyte cultures obtained from allegoric mice and from the peripheral blood of patients with rectal cancer. The structure-activity study showed this activity is probably determined by the γ-pyrone structure of molecules with a sugar residue in position 1 [47] .
Antiplatelet Activity:
In 1997, Lin et al [59] evaluated the antiplatelet effects of luteolin (109) in the rat thoracic aorta where it inhibited the contraction induced by Ca 2+ (1.9 mM) in a high K + (80 mM) medium in a concentration-dependent manner, with an IC 50 of 156 μM. Compound 109 also inhibited the noradrenaline (3 μM) induced phasic and tonic contraction in a concentration dependent manner, with an IC 50 of 68 and 72 μM, respectively. These dual activities indicate that luteolin may be developed as an antithrombotic agent.
3.2.5
Hypoglycemic and Antihyperlipidemic Activities: In spite of extensive utilization of hypoglycemic agents, diabetes and the related complications continue to be a major health problem worldwide. In 2005, Sezika et al [83] studied the hypoglycemic effects of the oral administration of G. olivieri flowering herbs on normal, glucosehyperglycemic and streptozotocin-induced diabetic rats. Through in vivo bioassay-guided fractionation, the main active ingredient, isoorientin (118) was obtained, which revealed significant hypoglycemic and antihyperlipidemic effects at 15 mg/kg b.w.dose.
Triterpenoid-induced Activities
Cytotoxicity:
A phytochemical investigated of G. aristata [2] led to the isolation of triterpenoids (155 and 157-163). Compounds 155, 159, and 162 exhibited low cytotoxicity towards HL-60 cells, with IC 50 values of 97.5±1.2, 69.5±3.1 and 67.1±8.4 μM, respectively, when compared to etoposide (VP-16; IC 50 = 2.8±0.1 μM).
Antifungal Activity:
Gentirigeosides A (141), C (143) and E (145) were first isolated from G. rigescens in 2007 [67] and evaluated for antifungal activities against the plant pathogens Peronophythora litchi, Glomerella cingulata, and Glorosprium musarum, using the disc diffusion method with carbendazim as a positive control. At 1 mg/mL concentrations, compounds 141, 143 and 145 showed antifungal activities on G. cingulata with inhibitory zones of 2, 0.8, and 1.4 cm, respectively, but demonstrated no activity against the other two fungi. 
Other Constituent or
Antioxidative Activity:
Although Ketoconazole (KET) is a promising, broad-spectrum antifungal drug it induces reproductive toxicity by oxidative damage to testicular lipids and alterations of natural antioxidants. A recent study [85] showed that most of the KETinduced effects were greatly decreased with the concomitant application of G. lutea extract. This suggests a protective role for G. lutea extract in dealing with the KET-induced problem that could be attributed to its antioxidant properties.
Anti-Inflammatory Activity:
In 2004, Yu et al [86] reported that when rats were administered G. macrophylla extracts orally at a daily dose of 100 mg/kg body weight, the prostaglandin E 2 (PGE 2 ) levels in inflamed tissues, sole thickness, and ankle circumference of feet were significantly decreased. This study revealed that the anti-inflammatory activity observed in G. macrophylla was comparable to that observed in prednisone.
Conclusions
This review, summarized the secondary metabolites reported from Gentiana species as well as their biological activities, and indicates they may be a rich source of natural products with chemical and biological diversity.
